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Abstract
This paper is a continuation of the paper [1]. Indeterministic quantum gravity is a theory
that unifies general relativity and quantum theory involving indeterministic conception, i.e.,
quantum jumps. By the same token the theory claims to describe all the universe.
Spacetime is the direct product of cosmic time and space. The state of the universe is given
by metric, its derivative with respect to cosmic time, and the number of an energy level. A
quantum jump occurs at the tangency of two levels. Equations of motion are the restricted
Einstein equation (the cosmic space part thereof) and a probability rule for the quantum jump.
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We make chance a matter of absolute calculation
Edgar Allan Poe
Introduction
The idea of a possible role of gravity in quantum indeterminism, i.e., in state vector reduction
is not new. It has been advanced, among others, by Feynman [2]. A discussion of this role is
contained in the paper and the book [3] by Penrose. In the papers [4] there is a calculation of a
possible coherence breaking due to metric fluctuations. But it is only in the paper [1] that the
idea has been embodied in an indeterministic dynamics. To do this a new physical principle
has been advanced — that of cosmic energy determinacy.
This paper, being a continuation of the paper [1], contains some refinements and develop-
ments. The most important ones are the following.
Due to quantum jumps, it is only the restricted Einstein equation that holds, namely,
Gij = (Ψ, T ijΨ), where i, j = 1 = 2 = 3 correspond to cosmic space.
The state of the universe is ω = (g, g′, l), where g is metric, g′ is its derivative with respect
to cosmic time, and l is the number of an energy level.
A quantum jump occurs at and only at a tangency of two levels.
Equations of motion reduce to the restricted Einstein equation and a probability rule for
the quantum jump.
1 The universe as a physical system: Spacetime and
matter
The universe U as a physical system is a pair:
U = (st,m), (1.1)
where st is spacetime, m is matter. The spacetime is a triple:
st = (M, g,∇), (1.2)
where M is a differentiable 4-dimensional manifold, g is a metric, and ∇ is the Levi-Civita
connection. The matter is a family F of quantum fields on M :
m = F. (1.3)
2 The structure of spacetime: Cosmic time and space
The manifold M is a direct product of two manifolds:
M = T × S, M ∋ p = (t, s), t ∈ T, s ∈ S. (2.1)
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The 1-dimensional manifold T is the cosmic time, the 3-dimensional one S is the cosmic space.
By eq.(2.1) the tangent space at a point p ∈M is
Mp = Tp ⊕ Sp. (2.2)
In accordance with this, we have for a tensor K = Kµν of rank 2 the following decomposition:
K = KT +KS +KTS +KST , (2.3)
where
KT = KTT = K
00, KS = KSS = K
ij, KTS = K
0i, KST = K
i0. (2.4)
For the metric tensor we have
g = gT + gS, gTS = gST = 0, (2.5)
which implies T⊥S. Furthermore,
gT = dt⊗ dt, g = dt⊗ dt− g˜t, (2.6)
or
g = dt2 − g˜t ijdx
idxj . (2.7)
3 The state of the universe
The state of the universe is
ω = (ωst, ωm); (3.1)
the state of the spacetime is
ωst = (g˜, g˜
′), (3.2)
where prime denotes the derivative with respect to the cosmic time t; the state of the matter is
ωm = (Ψ, ·Ψ), (3.3)
where Ψ is a state vector. Thus
ω = (g˜, g˜′, (Ψ, ·Ψ)). (3.4)
4 Equations of motion
The equations of motion are
GS = ωm(TS) = (Ψ, TSΨ), or G
ij = ωm(T
ij), (4.1)
HtΨt = εtΨt, (4.2)
where G is the Einstein tensor, T is the Schro¨dinger operator of the energy-momentum tensor,
Ht is the Schro¨dinger Hamiltonian:
Ht =
∫
S
µ(ds)TTs,t(∂/∂t, ∂/∂t), TT (∂/∂t, ∂/∂t) = T
00. (4.3)
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Eq. (4.1) is the restricted Einstein equation. The equations for T, TS, and ST , i.e., for
0µ, µ0 components are not used: The components G0µ = Gµ0 do not involve g˜′′, so that the
corresponding equations are violated at quantum jumps, i.e., jumps of ωm. This violation is a
manifestation of quantum holism connected with the character of quantum state.
To ensure against misunderstanding, it should be stressed that the restriction of the Einstein
equation does not violate the covariance (or, more precisely, the geometric character) of the
theory developed — in view of the structure of the spacetime, eq. (2.1).
Eq. (4.2) realizes the cosmic energy determinacy principle.
There are 6+1=7 equations (4.1),(4.2) for 6+1=7 quantities g˜ij,Ψ.
5 The equation for state vector between jumps
Let us consider eq.(4.2) in more detail. We have for the Hamiltonian
Ht =
∑
l
εltPlt, (5.1)
Plt being the projector for a level l. Then eq.(4.2) boils down to
PltΨt = Ψt. (5.2)
Designating Pl = P , we have between jumps
Ψ = PΨ, Ψ+ dΨ = (P + dP )(Ψ + dΨ), (5.3)
whence
(I − P )dΨ = (dP )Ψ. (5.4)
This leads to
P (dP )Ψ = 0. (5.5)
From the condition ‖ Ψ+ dΨ ‖= 1 it follows
Re{(Ψ, PdΨ)} = 0. (5.6)
To determine PdΨ we put
PdΨ = α(dP )Ψ (5.7)
so that dP = 0 would imply dΨ = 0. By eqs.(5.7),(5.5)
PdΨ = 0. (5.8)
Thus
dΨ = (dP )Ψ,
dΨ
dt
=
dP
dt
Ψ. (5.9)
The solution to eq.(5.9) is
Ψt2 = U(t2, t1)Ψt1 , U(t2, t1) = Te
∫ t2
t1
dPt
, (5.10)
relations
U+(t2, t1) = U
−1(t2, t1) = U(t1, t2) = T
+e
∫ t2
t1
dPt
. (5.11)
being fulfilled.
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6 Watched-pot dynamics
It is interesting to note that the result (5.9) may also be obtained in the language of quantum
jumps. We have an orthogonal decomposition for Ψ = PΨ:
Ψ = (P + dP )Ψ + (I − P − dP )Ψ = (P + dP )Ψ + (−dP )Ψ. (6.1)
For the corresponding probabilities in the first order, relations
‖ (−dP )Ψ ‖2= 0, ‖ (P + dP )Ψ ‖2= 1 (6.2)
hold, so that
Ψ→ (P + dP )Ψ, (6.3)
whence eq.(5.9) results.
Such a dynamics is analogous to the watched-pot one, the role of a watching cook being
played by the principle of cosmic energy determinacy.
7 Absence of degeneracy
For a general metric, the probability for a level l to be degenerate is zero, so that degeneracy
occurs only at level crossings. Therefore we have
TrPl = 1, ωm = (Ψl, ·Ψl) = Tr{Pl · }, (7.1)
and ωm reduces to l. Thus a state of the universe is
ω = (g˜, g˜′, l). (7.2)
8 Quantum jump
Let us consider two crossing levels, l = 1, 2. The part of the Hamiltonian for these is
H˜t = ε1tP1t + ε2tP2t. (8.1)
Put crossing time tcross = 0, then
ε10 = ε20 = ε0. (8.2)
We write H˜t in the form of
H˜ = ε2P + νP1, (8.3)
where
P = P1 + P2, ν = ε1 − ε2. (8.4)
From eq.(8.3) it follows
H˜ ′ = ε′2P + ε2P
′ + ν ′P1 + νP
′
1. (8.5)
Let us introduce the designation
∆f = f+0 − f−0. (8.6)
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We put
f0 = f−0, (8.7)
so that
∆f = f+0 − f0. (8.8)
Relations
∆g˜ = 0, ∆g′ = 0 (8.9)
hold; as
H = H [g˜, g˜′], (8.10)
we have
∆H = 0. (8.11)
Indeed,
∆H˜ = ε2+0P+0 − ε0P0 + ν+0P1+0 − ν0P10, (8.12)
and
ε2+0 = ε0, P+0 = P0, ν+0 = ν0 = 0, (8.13)
which leads to eq.(8.11).
As
H ′ = H ′[g˜, g˜′, g˜′′], (8.14)
if ∆ωm = 0 then ∆g˜
′′ = 0 and
∆H ′ = 0 (8.15)
must hold. We find
∆H ′ = ∆(ε′2P ) + ∆(ε2P
′) + ∆(ν ′P1) + ∆(νP
′
1), (8.16)
∆(ε2P
′) = 0, ∆(ε′2P ) = (∆ε
′
2)P0. (8.17)
As limt→0 νt = 0, we put ∆(νP
′
1) = 0. Then
∆H˜ ′ = (∆ε′2)P0 + ν
′
+0P1+0 − ν
′
0P10 = 0. (8.18)
Hence we obtain
(∆ε′2 − ν
′
0)P10 = −ν
′
+0P1+0P10,
(∆ε′2)P20 = −ν
′
+0P1+0P20. (8.19)
There are three solutions to eqs.(8.19):
Ia. P1+0P20 = 0, P1+0P10 = P10, P1+0 = P10, P2+0 = P20,
∆ε′2 = 0, ν
′
+0 = ν
′
0, ε
′
2+0 = ε
′
20, ε
′
1+0 = ε
′
10. (8.20)
Ib. P1+0P20 = P20, P1+0P10 = 0, P1+0 = P20, P2+0 = P10,
∆ε′2 = −ν
′
+0, ∆ε
′
2 = ν
′
0, ε
′
2+0 = ε
′
10, ε
′
1+0 = ε
′
20. (8.21)
II. P1+0P20 6= 0, P20, P1+0P10 6= 0, P10, {P1+0, P2+0} 6= {P10, P20},
∆ε′2 = 0, ∆ε
′
2 − ν
′
0 = 0, ν
′
+0 = 0, ε
′
2+0 = ε
′
1+0 = ε
′
20 = ε
′
10. (8.22)
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The solutions Ia and Ib in fact coincide and describe a simple crossing, i.e., that without
tangency. In that case there is no jump.
The solution II describes a crossing with tangency. In case of such a crossing, the probability
for {P1+0, P2+0} = {P10, P20} is equal to 0, so that if there is a tangency, a jump occurs with
the probability 1.
Thus a criterion for the quantum jump is the level tangency.
We have
ωttang = (g˜ttang , g˜
′
ttang
, lttang)→ ωttang+0 = (g˜ttang , g˜
′
ttang
, ljttang+0),
Wlj l = Tr{Plj
ttang+0
Plttang}, l = 1, 2, l
j = 1, 2, (8.23)
where Wlj l is the probability for the jump l → l
j .
9 Indeterministic dynamics
The indeterministic dynamics constructed above is very simple in the conceptual sense (but
only in that sense!): Its only ingredients are the state of the universe
ω = (g˜, g˜′, l), (9.1)
the restricted Einstein equation
GS = Tr{PlTS} (9.2)
for time evolution between jumps, and jumps at the level tangency
(g˜, g˜′, l)→ (g˜, g˜′, lj), Wlj l = Tr{PljPl}. (9.3)
The dynamics is unified: Both deterministic part and quantum jumps follow from the principle
of cosmic energy determinacy. Further still, strange though it might seem, all the dynamics
may be described in terms of quantum jumps.
Indeterministic dynamics involves some subtleties, therefore there is good reason to describe
it in more detail.
For t1, t2 between two jumps, t2 > t1, we introduce a designation for deterministic time
evolution:
ωt2 = D(t2, t1)ωt1. (9.4)
In addition, we introduce an auxiliary deterministic time evolution with a fixed initial state of
the matter:
ωt2t1 = Dt1(t2, t1)ωt1 , ωmt = ωmt1 for t1 ≤ t ≤ t2. (9.5)
For t = tcross = 0 we have
ω0 = {g˜0, g˜
′
0, Pl0}, l = 1 or 2. (9.6)
Then for δt > 0
ωδt 0 = D0(δt, 0)ω0 = {g˜δt 0, g˜
′
δt 0, Pl0}. (9.7)
For this state, the Hamiltonian H˜ is
H˜δt 0 = ε1 δt 0P1 δt 0 + ε2 δt 0P2 δt 0, (9.8)
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and we put for t = δt+ 0
ωδt+0 0 = {g˜δt 0, g˜
′
δt 0, Plj δt 0}, l
j = 1 or 2. (9.9)
For t = +0, a true state is by definition
ω+0 = ω+00 = lim
δt→+0
ωδt+0 0 = {g˜0, g˜
′
0, Plj +0}, Plj +0 = lim
δt→+0
Plj δt 0. (9.10)
This gives the explicit definition for Plj +0.
For t > 0, the true state is given by
ωt = lim
δt→+0
D(t, δt)ωδt+00. (9.11)
It is important to stress that
ωt 6= D(t,+0)ω+0. (9.12)
The value
ω+0 = lim
t→+0
ωt (9.13)
coincides with that given by eq.(9.10).
10 Deterministic approximation
The relations
divG = Gij ;i = 0, (10.1)
divTH = 0 (10.2)
hold (H denotes the Heisenberg picture).
In the deterministic approximation, i.e., with no quantum jumps we have
ΨH = const. (10.3)
Then
div(Ψ, TΨ) = div(ΨH , THΨH) = (ΨH , divTHΨH) = 0, (10.4)
and the (unrestricted) Einstein equation
G = (Ψ, TΨ) (10.5)
may be fulfilled with
G0µ = (Ψ, T 0µΨ) (10.6)
as initial conditions.
Thus in the deterministic approximation, quantum holism does not manifest itself.
8
References
[1] Vladimir S. Mashkevich, Indeterministic Quantum Gravity (gr-qc/9409010, 1994).
[2] R.P. Feynman, Lecture on gravitation (California Institute of Technology, 1962/63).
[3] Roger Penrose, Gravity and state vector reduction, in: Quantum Concepts in Space and
Time, ed. C. J. Isham and R. Penrose (Oxford, Oxford University Press, 1986);
The Emperor’s New Mind (Oxford University Press, 1989).
[4] F. Ka´rolyha´zy, A. Frenkel, and B. Luka´cs, On the Possibility of Observing the Eventual
Breakdown of the Superposition Principle, in: Physics as natural philosophy, essays in
honor of La´szlo´ Tisza on his seventy-fifth birthday, ed. A. Shimony and H. Feshbach (MIT
Press, Cambridge, USA, 1982);
On the possible role of gravity in the reduction of the wave function, in: Quantum Concepts
in Space and Time, ed. C. J. Isham and R. Penrose (Oxford, Oxford University Press, 1986).
9
